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The structure derived potential properties of Graphite such as high
stiffness coupled with high thermal conductivity and low coefficient of thermal
expansion have been better achieved in Carbon fibers and Carbon-Carbon
composites. Consequently, the application domain of carbon-graphite based
materials has increased to thermostructural components. During last few
decades there has been great interest in the development and performance
studies of carbon fibers and carbon-carbon composites, especially for thermal
management systems. These composites are prepared with wide range of
reinforcing fibers, high strength carbon fibers to high modulus prepared from
PAN, Pitch as well as CVD carbon fibers and carbonaceous material with
different compositions as matrix precursor. Both fibers and matrix influence the
structure and ultimate properties of carbon/carbon composites. As far as
mechanical properties of carbon/carbon composites are concerned the
reinforcing carbon fibers are the major load bearing component in carbon-carbon
composites. However, the load distribution amongst the fibers through matrix
system, the ultimate fracture behaviour and mechanical properties of the
composites require judicial control of fiber/matrix interface. Similarly the transport
properties like thermal and electrical conductivity depend more on structure and
properties of fibers, more so in the direction of the fiber whereas the matrix
controls transport properties in the direction perpendicular to reinforcement. For
last two decades, the focus of research has been on influence of various
parameters such as fiber type, matrix type and processing conditions etc on
ultimate properties of carbon/carbon composites, specifically relation between
structure, processing conditions and thermal properties of the composites. Most
of the work reported in the literature has been done with mechanical properties in
focus. The present investigations were undertaken to study thermal properties of
the composites and to enhance thermal conductivity of the composites in the
direction perpendicular to the fibers through control of matrix microstructure and

to study influence of nanocarbon reinforcement addition to the carbonaceous



precursors on the microstructure of the matrix as well as on the thermal
properties of the ultimate composites.

The work incorporated in this report elucidates the thermal conductivity of
different types of carbon-carbon composites prepared by the Investigators in
India using different types of carbon fibers and matrix systems.

These are categorized as:

Series A : 2D Carbon/carbon composites made with

High strength PAN, intermediate modulus pitch and Rayon based carbon
fibers as reinforcement.

Phenolic as performing and pitch as impregnating (densifying) matrix
precursor. These composites were heat treated in the temperature range of 1200
to 2700°C. These composites have undergone densification under low pressure

impregnation and carbonization.

Series B. UD/2D Carbon/carbon composites made with

High strength PAN, intermediate modulus pitch and High modulus pitch
based carbon fibers as reinforcement.

PFA as performing and pitch as impregnating (densifying) matrix
precursor. These composites were heat treated in the temperature range of 1200
to 2700°C. These composites have undergone densification under low pressure
impregnation and carbonization. as well as under High Pressure
Impregnation/Carbonization conditions.

. In some of the composites milled carbon fibers were added in order to study
the presence of milled fibers on the structure of matrix systems.

The microstructure of the composites was studied using optical
microscope (Laborlux 12 POLS), XRD (Phillips) and scanning electron
microscope (Hitachi S-3000N) and densitometer (Mettler Toledo AG204).

Thermal conductivity were measured by laser flash method.



Data on composites A is presented in this report.

It is found that thermal conductivity both in plane as well as in direction
perpendicular to lay upis influenced by the type of the fibers (in fact on graphitic
content) as well as on final heat treatment temperature. The variation of thermal
conductivity with measurement temperature is also found to be dependent on the
degree of graphitic content in the composites.

Composites with low graphitic content (either made with PAN based
carbon fibers or heat treated to 1200 C) are found to exhibit lower thermal
conductivities. The conductivity is found to increase with test temperature.

Composites with high graphitic content (either made with pitch based
carbon fibers or heat treated to 2700C) exhibit high thermal conductivity in both
the direction. The ratio of conductivity in the two direction is found to increase

with extent of graphitic content.

Composites having high graphitic content show a dip in the conductivity
versus temperature plot when measured in perpendicular direction. It is not

observed in composites with low graphitic content.

Composites made with same fiber system and matrix and heat treated to
same temperature but differing in densities also exhibit difference in thermal
conductivities. Composites having lower density exhibit lower thermal

conductivity.

Same trend is seen in composites of series B



